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Housiton, Terns
Ofljersivex. We sought to examine whether resolution of occult
myocarditis in children with associated ventricular arrhythmia
correlated with the presence of arrhythmia at late follow-up
.
Badjrownd. Complex ventricular arrhythmias have been doc-
umented In children with myocarditis, Therapy Is aimed at control-
UK the arrhythmia and any associated ventricular dysilanction
.
However, no reported studies have documented whether resolution of
tayocarditts in children Is associated with resolution of the associated
MaW4s. We performed a retrospective analysis of 12 patients
(mean age 12 years) with myocarditis . Ambulatory electrocardio-
graphic (Hatter) monitors were reviewed for ventricular arrhythmias
at presentation and follow-up. Patients were assigned to Group I if
they received corticosteroids in addition to any antiarrhylhmic
agents and to Group 11 if they did not receive steroids . Follow-up
endomyocardial biopsy was performed in some patients, and results
were analyzed In relation to the presence of arrhythmias at follow-up .
Myocarditis is a relatively uncommon disease in childhood (1).
The presentation may he acute with fulminant congestive heart
failure, syncope or cardiac arrest . alone or in combination .
However, symptoms may be more subtle with only an irregular
cardiac rhythm noted tin a routine physical examination .
Complex ventricular arrhythmias have also beeirreported in
patients with myocarditis and an otherwise structurally normal
heart (2-6). Thus, the evaluation of a child with unexplained
ventricular arrhythmias requires the consideration of myocar-
ditis as a possible cause . At present, endomyocardial biopsy is
the preferred method for confirmation of the disease and is
performed frequently in children with unexplained congestive
heart failure or complex ventricular arrhythmias
.
Several clinical studies of adult patients (3,4,7) have sug-
gested that resolution of myocarditis is associated with resolu-
tion of the concomitant ventricular arrhythmia seen at presen-
tation and that the use of corticosteroids, alone or in
combination with other immunosuppressive agents, favorably
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Results. Eleven patients had ventricular tachycardia, and one
had multiform couplets. Corticosteroids were given to seven pa-
tients (Group 1). Follow-up biopsy was performed in seven pa-
tients (six received steroids), with resolution of inflammation in
all; four of the seven still had ventricular arrhythmias but with
improved control . Of the five patients without follow-up biopsy,
three had persistent arrhythmia. Absence of inflammation, at
follow-up biopsy did not correlate with loss of ventricular arrhyth-
mias, and there was no difference between Group 1 and II patients
with respect to resolution of arrhythmia (Fisher exact test, p =
0.70, power 11rk) .
Conclusions. Complex ventricular arrhythmias persist after
apparent resolution of occult myocarditis in children . Although
these arrhythmias are easier to control after such resolution, the
patients may require long-term antiarrhythmic therapy.
lJ Am Coll Cardiol 1994;14:780-3)
affects outcome; other studies (8) have disputed this claim,
demonstrating a nearly identical recovery without the use of
those agents. Thus, although the use of steroids in patients with
myocarditis remains controversial, it is generally assumed that
the initial ventricular arrhythmias usually resolve with disap-
pearance of inflammation
.
The present study was undertaken in an attempt to discern
whether ventricular arrhythmias persist after resolution of
myocarditis and whether the use of corticostcroids affects
outce :ne .
Methods
Patient selection . Clinical records of patients who under-
went endomyocardial biopsy between 1983 and 1992 were
reviewed. The primary indication for biopsy was a clinically
suspected or proved arrhythmia with or without associated
symptoms. Patients who had ventricular arrhythmias were the
focus of this study
; thus, all other patients with arrhythmia
(supraventricular tachycardias, atrial fibrillation/flutter or atrio-
ventricular [AV] conduction disturbances) were excluded from
analysis. A total of 46 patients met inclusion criteria for this
study .
Clinical and laboratory data analysis. The following infor-
mation was obtained : gender
; age at diagnosis ; signs and
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Table 1 . Profile of the 12 Study Patients
*Nonsuslained ventricular tachycardia (NSVT) was the presentin arilnthmia after successful resuscitation . AFIAFI = atrial lihrilhuionlatrial flutter: Amio =
antiodarone; Dig diguxin : El' electrophysiolo ic : F = female : Flee = Ilecainide: Furos - furosemidc
: M --- male :
: Mex = ntexitetine: PMVT - polymorphic
ventricular tachycardia: Prop -- propranolol ; Pt patient : PVC's -- premature ventricular complkxcs
: RVOT
right ventricular outflow tract : VF = ventricular
fibrillation : VT
ventricular tachvcardiic VVI ventricular inhibited .
symptoms at presentation and last follow-up ; left ventricular
shortening fraction (9) at presentation and follow-up ; results of
endomyocardial biopsy at presentation and . when available, at
follow-up: results of electrophysiologic study (if performed),
and drug therapy (ant iarrhythmic, anti-inflammatory and other
agents for the management of congestive heart failure) . Ar-
rhythmias were documented using 24-11 Holter ambulatory
electrocardiographic (ECG) monitoring in each patient as well
as surface ECGs.
The diagnosis of myocarditis incorporated the Dallas crite-
ria (10). If the biopsy preceded the publication of those criteria
(1986) and the results were read as positive, the data were
rereviewed to confirm the diagnosis (two cases) . For analysis,
cases classified as borderline myocarditis were incorporated
into the group with positive biopsy findings (indicating the
presence of myocarditis) .
Patients with positive biopsy results were then analyzed
separately. Because patients with ventricular arrhythmias were
the focus of this study, three patients with another arrhythmia
(two with AV block and one with aerial flutter) were excluded
from further study.
The remaining patients were then classified into Group I
(those who received corticosteroids) and Group II (those who
did not). Results at last follow-up were then analyzed with
respect to the treatment given.
Arrhythmias were evaluated at follow-up and compared
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with those at presentation with respect t) corplexity (prema-
ture ventricular complexes, couplets, multiform beats and
multiform couple(s, nonsustained and sustained ventricular
tachycardia) and response to antiarrhythmic medications. The
arrhythmias were judged to he under better control at late
follow-up if they were lessened in complexity (i .e ., changed
from ventricular tachycardia to premature ventricular com-
plexes) as a result solely of resolution of the disease or in
response to antiarrhythmic therapy .
Statistical analysis . The effect of the use of corticosteroids
on outcome was examined using a contingency table (chi-
square) and a two-tailed Fisher exact test . Left ventricular
fractional shortening at presentation and follow-up were com-
pared using a paired t test
. Power of analysis is presented as
percent .
Results
Twelve patients (2b%)
had biopsy findings consistent with
myocarditis and arc the main focus of this study . They were
followed up for a mean of 50.5 months (median 42)
. The in
patient profile and presenting symptoms are presented in
Table I . One patient had multiform premature ventricular
heats and couplets and the other 11 had ventricular tachycar-
dia on presentation
; the arrhythmias seen on the initial elec-
trophysiologic study (if performed) are -also shown in Table 1 .
Arrhythmia
Pt
No.
A e at
Dia,nosts
tyr)(iender
Sympty€rts at
Presentation Presentin", On FP Study
At Follow-Up
Drugs at Follow-Up
Antiarrtltvnuc
Other
1
3 3 M
Palpitation Multitornn PVCs
Not inducible None
None None
19(F Palpitation Sustained monomorphic VT Sustained monomorphic
VT from RVOT
-
None None
None
0,1M Shortness of breath .
ptdpiIaIion
NSVT
Not performed PVC's, NSVT
Mex
Dig, Furos
4 12.t1
Palpitation NSVT
Not perforated None
None None
5
h
I .i'N1
I' M
L etopic activity OR
1_P study
Syncope
SnsLuned monomorphic VT
NSVT
Inducible sustained VT:
inducible VF
Inducible sustained
PM VI
: AI AFI
None
Frequent PVC's
None
Mex
None
None
7 I4'M C'hcst pain, tictopic
activity on 1 :1'
St nth'
Sustained monomorphic VT Inducible sustained
ntonuntorphic VT
Frequent PVC's Flee None
S 2 .5 ;M Cardiac arrest NSV I'' Not inducible None
None Nonc
y
I1' tictopic activity on
1 I' study
Sustained ntonontorphic V I Inducible sustained
mouomurpluc VT-
NSVT, VVI-
paced
Antio, Prop
None
III 12 M ('best pain, Cctopit'
activity on I P
study
NSVT
Inducible NSVT:
frequent unilorm
PVCs
Frequent PV( - s .
exercise-
induced VT
Mev Now
11 I(v sl Chest pain NSVT Not inducible None None None
15J., Syncope
NSVT
Inducible sustained
monomorphic VT
None
None None
?,t2
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Measurements of left ventricular fractional shortening at
presentation and follow-up were available in 8 of the 12
patients (data were not available in 3 and paradoxic septal
motion was present in I patient)
. The mean value ± SEM
shortening fraction at presentation was 29
.9 ± 3.9% versus
31.5 ± 1.8% at follow-up (p = 0
.80, power = 32%) .
Antiarrhythmic medications were used by all 12 patients at
the time of presentation and by 5 at follow-up; no significant
ventricular arrhythmias were seen at late follow-up in the 7
patients not receiving these drugs
. In all five patients still
requiring therapy for a persistent clinically apparent ventricu-
lar arrhythmia, the arrhythmia was more easily controlled than
at presentation (Table 1) . In patients who demonstrated any
form of ventricular tachycardia on follow-up Holter study
(Patients 3,9 and 10), no attempt was made to discontinue
therapy. Patients with frequent premature ventricular com-
plexes (Patients 6 and 7) demonstrated increased complexity of
ectopic activity (i,e ., couplets and multiform couplets) when
their medications were tapered or discontinued . No attempt
was made to discontinue therapy in patients with more com-
plex arrhythmias, (i .e ., other than premature ventricular com-
plexes) in the hope of demonstrating symptoms with their
arrhythmia ; this decision was based on data from our institu-
tion (11) indicating that children with an abnormal heart and
complex ventricular ectopic activity may be susceptible to
sudden cardiac death . No patient who had documented sus-
tained ventricular tachycardia at presentation had sustained
ventricular tachycardia at late follow-up. One patient (Patient
7) with ventricular tachycardia at presentation still has fre-
quent uniform premature ventricular complexes . A wide area
of early electrical activation was mapped to the left ventricular
septum just below the aortic valve ; an attempt to ablate this
area using radiofrequency energy proved unsuccessful . No
patient died during follow-up .
Repeat endomyocardial
biopsy, performed during follow-up
in 7 of the 12 patients, showed in all 7 complete resolution of the
inflammation seen on the biopsy specimen at presentation . Some
scattered residual fibrosis was noted in the repeat study in three of
the seven patients; the three patients had frequent premature
ventricular complexes at follow-up, but the remaining two had no
arrhythmia..
Resolution of inflammation was not correlated with com-
plete resolution of arrhythmia ; four of seven patients with
normal biopsy findings at follow-up still required antiarrhyth-
mic medication for ventricular arrhythmia at follow-tip .
Corticosteroids had no effect on the presence of arrhythmia
at follow-up (p = 0 .70, chi-square, Fisher exact test, power =
11%) (Fig. 1). Of the seven patients receiving these agents,
three underwent two successive courses of variable duration
(2 to 3 months each), whereas the remaining four underwent
one course of therapy at 6 to 12 weeks' duration. The usual
course of therapy was 4 to 6 weeks (prednisone, 2 mg/kg per
day) followed by a tapering schedule of 2 to 3 weeks' duration .
All follow-up biopsies were performed within 1 week of
discontinuation of steroid therapy
. Six of the seven patients
who underwent follow-up biopsy had received steroids . No
0O
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I
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. power = 11%
Figure 1 . Effect of corticosteroids on ventricular arrhythmia : results at
late follow-up in the 12 study patients .
patient received additional immunosuppressive agents. A fol-
low-up Holter examination was performed at the time of
hospital admission for the repeat biopsy.
Discussion
Previous studies of patients with myocarditis and ventric-
ular arrhythmia . A recent study in children with a structurally
normal heart and complex ventricular arrhythmias (4) docu-
mented myocarditis in 9% of patients undergoing endomyo-
cardial biopsy . Although the patient group was small (three
patients) and no details were given, the authors implied that
the use of corticosteroids "reduced the incidences of ventric-
ular ectopic rhythm ." In another study of children and adults
(12), abnormal histologic features consistent with cardiomyop-
athy were seen in all biopsy specimens of the four children
presenting with unexplained ventricular arrhythmias . Addi-
tionally, several reports of adult patients presenting with
otherwise unexplained ventricular arrhythmias (2,3,5) have
demonstrated active lymphocytic myocarditis in these patients,
leading to the recommendation that this type of patient
undergo biopsy to confirm a cause of their arrhythmia .
Whether the use of steroids affected the persistence of ven-
tricular arrhythmias in these patients is arguable because the
results were not consistent in all studies .
Present study. Our study is the first study in children to
document the persistence of ventricular arrhythmias after
apparent resolution of myocardial inflammation in patients
who have had myocarditis . Most of these patients had sus-
tained or nonsustained ventricular tachycardia at the time of
presentation, and the arrhythmia was reduced in complexity
and easier to control at the time of late follow-up . No patient
died as a result of their arrhythmia during the study period .
Because too few patients were taking any one drug or com-
bination of drugs, we cannot draw conc?usions on the effectiveness
of a particular therapeutic strategy from our review . In addition,
although our study group of 12 patients was small, the use of
corticosteroids did not affect the persistence of ventricular ar-
rhythmias at late follow-up. Similarly, too few patients received a
second course of steroids to allow meaningful comparisons of the
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effect of this treatment with that in the group that received only
one course.
The main conclusion of this study is that the pediatric patient
with myocarditis and ventricular arrhythmia may require long-
term arrhythmia management after resolution of the inflam-
matory process. Further, it appears that even though the
arrhythmia may persist, control of the rhythm disturbance with
standard antiarrhythmic agents is possible . Depressed ventric-
ular function, a variable that may account for the presence of
arrhythmia in older patients, was not a factor in our patients .
Possibly, the absence of active inflammation in the myocar-
dium allows for better control of the arrhythmia .
Whether the chronicity of the arrhythmia is due to fibrosis
and scarring as a residual effect of the initial insult or is due to
undetected persistent inflammation is speculative . The focal
nature of the inflammation in myocarditis is well documented
(13), thus allowing for the possibility that it was missed on
follow-up endomyocardial biopsies and that some of our
patients had continued myocarditis . In a study by Huack et al .
(14), 38 autopsy specimens from patients with myocarditis
were examined with use of a bioptome to simulate the clinical
situation of an actual endomyocardial biopsy performed in the
cardiac catheterization laboratory . Specimens were obtained
from both the right and the left ventricle and even though 10
samples were obtained from each chamber, false negative
results were found 37% of the time in the right ventricle and
45% of the time in the left ventricle . A similar study performed
by Chow et al. (13) on the right ventricular myocardium from
autopsy or explanted hearts from transplant patients yielded a
sensitivity of 78.6%, but only after examination of 17 ± 3
.3
samples/patient . This is an unrealistic number of samples to
obtain in the clinical situation ; thus, the study further empha-
sizes the problem of sampling error and the patchy nature of
this disease .
Limitations of the present study . The retrospective nature
of this study limits some of the conclusions that can be drawn
from the data. Because it was not a prospective, controlled
study comparing the effects of corticosteroids, these agents
were administered for different periods of time and some
patients received more than one course . Likewise, multiple
antiarrhythmic agents were used alone or in combination, thus
making it impossible to determine the benefits of one approach
over another . Finally, the patchy nature of the inflammatory
response may have resulted in false negative biopsy results at
follow-up. Although our standard procedure is to obtain five
separate biopsy specimens, sampling error may result in false
negative findings in a patient who actually has the disease .
Newer, more sensitive techniques for demonstrating an active
FRIEDMAN ET AL
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inflammatory process in the myocardium are needed before
the presence of myocarditis can be completely ruled out .
Clinical implications. We recommend that pediatric pa-
tients with myocarditis who present with significant ventricular
arrhythmias be followed up closely after clinical resolution of
their disease, even if a repeat biopsy demonstrates no active
inflammation. Our results do not allow a recommendation
concerning the use of corticosteroids to alter the course of
chronic ventricular arrhythmias in children with myocarditis .
The issue of whether these agents favorably alter the course of
this disease is still under investigation and is not within the
purview of this retrospective study.
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